Surge arresters have contributed to supply of electric power suppressing lightning surge on transmission lines in case of lightning phenomena. Surge arresters using zinc oxide (ZnO) elements are suitable for insulation coordination, and are enable to reduce LIWV (Lightning Impulse Withstand Voltage) and construction cost of power systems. Metal oxide surge arresters are composed by zinc oxide (ZnO) elements having high nonlinearity in relation of voltage and current and high discharge capability. These initial product arresters have more than 25 years of operations in substations. These arresters greatly contribute to reliability improvement of electrical power transmission.
Surge arresters have contributed to supply of electric power suppressing lightning surge on transmission lines in case of lightning phenomena. Surge arresters using zinc oxide (ZnO) elements are suitable for insulation coordination, and are enable to reduce LIWV (Lightning Impulse Withstand Voltage) and construction cost of power systems. Metal oxide surge arresters are composed by zinc oxide (ZnO) elements having high nonlinearity in relation of voltage and current and high discharge capability. These initial product arresters have more than 25 years of operations in substations. These arresters greatly contribute to reliability improvement of electrical power transmission.
Therefore, reviewing an application state of metal oxide surge arresters, it is very significant to verify the usefulness. This paper describes applications of surge arresters for 66-500 kV power systems in Japan to verify the validity of effects of surge protection.
An application tendency of surge arresters for 500 kV power systems are shown in Fig. 1 . Surge arresters with series gaps decrease gradually, and metal oxide surge arresters increase year after year. When metal oxide surge arresters spread, surge arresters for line entrance increase especially in Japanese 500 kV power systems.
Troubled surge arresters were 60 phases. Total number of investigated surge arresters was 52,410 phases for 66 kV, 77 kV, 110 kV, 187 kV, 220 kV, 275 kV and 500 kV power systems. A ratio of troubles of surge arresters for 66-500 kV power systems can be obtained 0.11 × 10 −3 /phase·year in 1992-2002. Metal oxide surge arresters operate soundly.
However, surge arresters are always confront with natural phenomena. It is recommended to improve maintenance methods of surge arresters and to replace deteriorated surge arresters. Fig. 1 . Application Tendency of Surge Arresters/Phase for 500 kV Power Systems in Japan
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Surge arresters have contributed to supply of electric power by suppressing lightning surge on transmission lines in case of lightning phenomena. Surge arresters using zinc oxide (ZnO) elements are suitable for insulation coordination, and are enable to reduce LIWV (Lightning Impulse Withstand Voltage) and construction cost of power systems. This paper describes applications and results of surge arresters to verify effectiveness of surge protection for 66-500 kV power systems in Japan.
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Introduction
As a natural phenomenon, lightning, earthquake and typhoon sometimes happens. In such cases, it is important to investigate those influences for social life and production activity. In case of lightning, surge arresters are enable to suppress lightning surge, switching surge and temporary overvoltage (TOV). Surge arresters contribute to supply of electric power without damages of substation equipments.
Metal oxide surge arresters (1)- (31) are composed of zinc oxide (ZnO) elements having high nonlinearity in relation of voltage and current, and high discharge capability. These initial product arresters have more than 25 years of operations in substations. Metal oxide surge arresters born in Japan become the de facto standard of surge arresters instead of conventional arresters with series gaps in the world. These arresters greatly contribute to reliability improvement of * Hitachi Ltd., Japan AE Power Systems 1-1-1, Kokubu-cho, Hitachi 316-8501 * * Tokyo Electric Power Co., Inc.
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3-6-32, Nakanoshima, Oosaka 530-8270 * 7 Yokohama National University 79-5, Tokiwadai, Yokohama 240-8501 electrical power transmission. Therefore, reviewing an application state of metal oxide surge arresters, it is very significant to verify the usefulness. This paper describes an application state of surge arresters for Japanese 66-500 kV power systems in 1992-2002.
Researched Items and Contents
As an active plan of IEEJ surge arresters special committee "Application Technology and Guide of Metal Oxide Surge Arresters", authors and others investigated by means of a questionnaire to 10 electric power companies and east Japan Railway company in 2003. An installation place, number of an actual application, maintenance methods, and troubles of surge arresters can be obtained from those questionnaire data in 66-500 kV substations.
Objected Surge Arresters
Surge arresters are installed at a line entrance, a bus bar, and a transformer terminal in substations as shown in Fig. 1-(a) . These surge arresters suppress lightning surge overvoltage, and perform insulation coordination as shown in Fig. 1-(b) . Objected surge arresters are with series gaps and gapless (without gaps) as shown in Fig. 2 . These gapless metal oxide surge arresters (porcelain type (66 kV): Fig. 3-(a) , tank type (500 kV): Fig.3-(b) ) have been used in Japanese 66-500 kV power systems as shown in Fig. 3 .
Researched Items of Surge Arresters
Questionnaires of surge arresters have been requested with researched items as shown in Table 1 for 66-500 kV power systems. 
Consideration of Researched Results of Surge Arresters

Class of Switching Surge Operating Duty
In selection of surge arresters, it is important to determine switching surge discharge capability (line discharge). Table 2 shows obtained class of surge arresters from researched results of questionnaires for 66-500 kV power systems. Those data mean that surge arresters have been determined by the selection guide of JEC Standard (Surge Arresters: JEC-203-1978, Metal Oxide Surge Arresters: JEC-217-1984, Gas 
Application Tendency of Surge Arresters for 66 kV, 275 kV, 500 kV Power Systems
An application tendency of surge arresters is shown in Fig. 4, Fig. 5 , and Fig. 6 . These data were obtained by questionnaires for Japanese 66 kV, 77 kV, 110 kV, 154 kV, 220 kV, 275 kV, 500 kV power systems in 1992-2002.
Recently, composition of substations has been transferred from conventional open air type substations to gas insulated substations.
Surge arresters with series gaps decrease gradually, and metal oxide surge arresters increase year after year. When metal oxide surge arresters spread, surge arresters for line entrance increase as shown in 66 kV (Fig. 4), 275 kV (Fig. 5) , and 500 kV (Fig. 6 ) power systems. These tendencies are Table 2 . Selection of switching surge discharge capability of surge arresters Fig. 4 . Application tendency of surge arresters/phase for 66 kV power systems in Japan noticeable in case of tank type surge arrester for gas insulated switchgear, especially in Japanese 500 kV power systems.
Installed Number of Surge Arresters for 66-500 kV Power Systems
From researched questionnaires, installed total number of surge arresters for 66-500 kV power systems can be obtained as shown in Fig. 7 in comparison with gapless metal oxide surge arresters (porcelain type, tank type) and conventional type surge arresters (porcelain type) with series gaps.
Gapless surge arresters have been widely used instead of conventional surge arresters. Fig. 8 shows comparison of porcelain type gapless surge arresters and tank type surge arresters for 66 kV and 500 kV power systems. A ratio of tank type surge arresters becomes higher in 500 kV power systems especially in Japan. Fig. 9 shows an application ratio of anti-contamination class (ESDD: Equivalent Salt Deposit Density) of porcelain type gapless surge arresters for 66 kV power systems. Gapless contamination type surge arresters are mainly used. Table 3 . Example of measured operating number of surge arresters
Verification of Applications of Surge Arresters
In the field, effects of operations of surge arresters can be proved by discharge counters or discharge records which are installed between surge arresters and grounded wires. As those examples, Table 3 shows measured operating number of surge arresters. Operations/year of surge arresters are changeable. These phenomena depend on uncertain lightning conditions. Table 4 shows measured operation discharge current of surge arresters for 66 kV, 154 kV and 500 kV power systems in 1992-2002. In case of the user F, strong discharge current (8.5 kA for 500 kV tank type surge arresters) was recorded at a line entrance.
Investigated Troubles of Surge Arresters
Surge arresters have been applied to substation equipments. In the age of surge arresters with series gaps, we have many experiences of troubled arresters in the fields. Therefore, it is Table 4 . Example of measured discharge current of surge arresters Table 5 . Troubles of gapless metal oxide surge arresters for 66-154 kV power systems important to investigate troubles of gapless metal oxide surge arresters by questionnaires. Table 5 shows troubles of gapless metal oxide surge arresters for 66-154 kV (non-effective) power systems. Table 6 shows troubles of gapless metal oxide surge arresters for 187-500 kV power systems. Troubled surge arresters were 60 (= 45 + 15) phases. Total number of investigated surge arresters was 52,410 phases for 66 kV, 77 kV, 110 kV, 154 kV, 187 kV, 220 kV, 275 kV and 500 kV power systems. A ratio of troubles of surge arresters for 66-500 kV power systems can be obtained 0.11×10 −3 /phase·year in 1992-2002.
And also, troubled factors of gapless metal oxide surge arresters are obtained by Note 5-1, Note 6-1 in Table 5 and Table 6 . Troubled factors depend on the lightning condition of an user area.
Considering those data, it is understood that metal oxide surge arresters are effective to lightning of uncertain natural phenomena in the fields.
On the other hand, surge arresters have many failure items (29) as shown in Fig. 10 . It is recommended always to improve maintenance methods (10) (13) (16) of surge arresters.
Conclusion
Reviewing states of application of surge arresters for Japanese 66-500 kV power stations in 1992-2002, it shows that metal oxide surge arresters operate soundly in case of incoming surges. At present, gapless metal oxide surge arresters become the de facto standard of surge arresters in the world. Therefore, surge arresters are always confronted with natural phenomena. It is recommended to improve maintenance methods of surge arresters and to replace deteriorated surge arresters.
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